ABSTRACT: Data .52), -17 f 10 ( P = .lo), -22 f 9 ( P = .07), and -9 f 6 ( P = .45) ng/mL for IGF-I concentrations at d 28, 42, and 56 of the postweaning test and for mean IGF-I, respectively. Sex effects on serum IGF-I concentration were highly significant, with greater IGF-I expression in bulls, but were confounded with diet and location. Age of dam effects were not significant. Regressions of IGF-I concentration on on-test age of calf ranged from .46 If: . l 3 to 1.08 * .20 ng.mL-l-d-l and were highly significant for all measures of IGF-I. Therefore, when selecting for serum IGF-I concentration, it is necessary to account for nongenetic effects of season, sex, and age of calf, but not age of dam, either by selecting within contemporary groups or by adjusting records for these effects, to increase heritability and response to selection.
Introduction
Use of physiological indicators of genetic merit (e.g., concentrations of metabolites, hormones, or enzymes) may enhance rates of genetic change in livestock via reduced generation intervals, increased selection differentials, and(or) increased accuracy of selection (Kiddy, 1979; Woolliams and Smith, 1988 Blair et al., 1990) . Serum IGF-I concentration is a potentially useful physiological indicator trait in that it is secreted in a nonpulsatile manner and is phenotypically associated with weight and growth rate in cattle (Lund-Larsen et al., 1977; Bishop et al., 1989; Davis and Bishop, 1991; Park, 1993) , as well as in other livestock species including swine Scanes et al., 1987; Spicer et al., 19921, sheep (Olsen et al., 1981; Roberts et al., 19901 , and chickens (Huybrechts et al., 1985; Goddard et al., 1988) . After a potential physiological indicator trait is identified, it is necessary to place that trait under selection to determine whether selection results in desirable changes in economically important traits . To identify genetically superior animals for breeding purposes and to maximize genetic response to selection, it is generally necessary to adjust phenotypic records for nongenetic effects such as sex, age of dam, and age of the individual under consideration for Seosan, Chungnam, selection. The objective, therefore, was to examine the
Materials and Methods
Selection Procedures. Divergent selection for IGF-I concentration in blood serum was initiated in 1989 using 100 spring-calving (50 high line and 50 low line) and in 1990 using 100 fall-calving (50 high line and 50 low line) purebred Angus cows with unknown IGF-I levels located at the Eastern Ohio Resource Development Center ( EORDC), Belle Valley. Cows from the initial base population were randomly assigned to the selection lines. Different sets of four bulls with unknown IGF-I levels were used to produce the spring 1989 and 1990 and fall 1990 calf crops. Each year, the four bull calves with the highest and the four with the lowest residuals (adjusted for age of calf and age of dam) for IGF-I concentrations are saved for breeding within the respective selection lines. In fall 1990, the same bulls were used for breeding that had been used in the spring 1990 breeding season, with the exception that one of the four bulls in the low IGF-I line was replaced with one of the two backup bulls that had been saved for the spring breeding season. In all other years, selections of breeding bulls were done strictly on a within-season basis. In addition, approximately 10 cows per selection line are randomly chosen each breeding season to be artificially inseminated using semen from an Angus reference sire to create ties between the EORDC herd and other herds contributing to North Central Regional Project NC-196, "The Genetics of Body Composition in Beef Cattle". Data collected on progeny of the reference sire were deleted from the present analysis because their inclusion likely would reduce high vs low line and spring vs fall differences in IGF-I concentrations of progeny.
Selection was based on the average of four IGF-I serum samples (taken at d 0, 28, 56, and 84 of the postweaning test) for bulls born in the spring of 1989 and the average of three samples (taken at d 28, 42, and 56 of the postweaning test) for bulls born subsequent to 1989. Selected bulls are used for breeding as yearlings and then sold. Approximately eight cows are culled from each line each year (based on physical unsoundness, reproductive failure, and oldest age) and replaced with approximately eight pregnant heifers having the highest or lowest residuals (adjusted for age of calf and age of dam) for blood serum IGF-I concentrations. All available heifers are bred and selections are made among heifers that conceive. In 1990, excess heifers were available at the end of the spring breeding season and additional females were needed for the fall replicates of the selection lines. Therefore, seven heifers that were pregnant at the end of the spring breeding season were aborted and transferred from the high line of the spring replicate to the high line of the fall replicate. Three open heifers were also transferred from the spring high line to the fall high line. In addition, seven heifers that were open at the end of the spring breeding season were transferred from the low line of the spring group to the low line of the fall group. These 17 heifers that were transferred from the spring-to the fall-calving herd were obviously older than heifers produced in the fall-calving herd; however, they were still classified as 2-yr-olds at first calving for purposes of data analysis.
Selection of heifers is based on the average of three postweaning IGF-I serum samples collected at the same time as for bulls (with the exception that IGF-I concentration of heifers born in 1989 was not measured at d 0 of the postweaning test). Serum samples for heifers born in spring 1990 were damaged by a freezer malfunction, which necessitated resampling the heifers at d 84, 98, and 112 of the postweaning period. 
Radioimmunoassay for Insulin-Like Growth Factor I .
The RIA for IGF-I is performed in the laboratory of R.C.M. Simmen at the University of Florida using procedures described by Bishop et al. (1989) . Briefly, following acid-ethanol extraction, each sample is diluted 1:lO in assay buffer and assayed in duplicate using human recombinant IGF-I as standard and iodinated tracer. Antiserum raised against human IGF-I in rabbits (UBK487) is used at a dilution of 1: 18,000. Antigen-antibody complexes are precipitated by addition of goat anti-rabbit gamma globulin and normal rabbit serum. Concentrations of IGF-I in serum samples are calculated from the standard curve.
Statistical Analysis. The IGF-I concentrations at different ages ( n = 466, 398, and 474 for IGF-I concentration at d 28, 42, and 56, respectively, of the postweaning period), in addition to mean IGF-I concentration for each calf ( n = 526), were analyzed using GLM procedures (SAS, 1982) . The statistical model included the fixed effects of year-line-season, sex of calf, and age of dam (2, 3, 4, 5 t o 9, and 2 10 y r ) , the random effect of sire of calf nested within year-line-season, important ( P < . l o ) two-factor interactions, and a covariate for on-test age of calf. Effects of year, line, and season were combined to obtain a unique identification for the nested effect of sire. Year-line-season effects were tested using sire of calf within year-line-season as the error term.
Orthogonal linear contrasts of year-line-season constant estimates were used t o compare IGF-I concentrations of high vs low IGF-I line calves and of spring-vs fallborn calves. Significance levels for contrasts of high vs low line and spring vs fall means were obtained using sire of calf within year-line-season as the error term.
Results and Discussion

Year-Line-Season Effects.
Year-line-season effects were highly significant for IGF28, IGF42, IGF56, and mean IGF-I ( Table 1 ). The IGF-I values varied greatly with year and were much lower in calves born in 1989 than in calves born in subsequent years of the experiment. Pooled across years and breeding seasons, high line progeny averaged 21 f 6, 17 f 6, and 23 +. 5 ng/mL more IGF-I ( P I .O 1) than low line progeny at d 28,42, and 56 of the postweaning period. Mean IGF-I concentrations were 17 k 4 ng/mL greater ( P = .02) for high than for low line progeny. This selection study is in the early stages and will be continued to allow further potential divergence between the high and low selection lines. Blair et al. (1989) and Baker et al. Pooled across years and selection lines, spring minus fall differences averaged 9 * 10 ( P = .52), -17 f 10 ( P = .lo), -22 & 9 ( P = .07), and -9 f 6 ( P = .45) Spicer et al. (1990) have shown weekly ambient temperatures to be negatively correlated with serum IGF-I concentrations in Holstein cows. In the present study, sufficient heat stress apparently did not exist in July to prevent IGF-I concentrations of fallborn calves from increasing from d 42 to 56. Sarko et al. (1994) concluded that temperature and humidity contribute to variation in serum IGF-I concentration in postweaning beef calves, possibly due t o their influence on feed intake.
Sex Effects. Sex effects were highly significant for IGF28, IGF42, IGF56, and mean IGF-I ( Table 2 ). The ratio of mean bull IGF-I concentration to mean heifer ET AL.
IGF-I concentration was
3.76, 5.07, and 3.82 for IGF28, IGF42, and IGF56, respectively. Sex effects were confounded with diet and location. During the 140-d postweaning period, bulls were fed a corn, soybean meal concentrate diet, whereas heifers were primarily fed corn silage. The higher-energy diet fed to bulls would be expected to magnify the bul1:heifer ratio for IGF-I concentration.
A highly significant year-line-season x sex effect was observed for mean IGF-I (data not shown). In all year-line-season subclasses, bulls had higher IGF-I levels than heifers, but the magnitude of the difference varied across subclasses. Bishop et al. (1989) found that * 8 ng/mL; P < . O O l ) during the postweaning feeding period ( 9 to 15 mo of age). Serum IGF-I concentrations were also affected by sex ( P < .05) in Holstein calves evaluated by Kerr et al. (1991) ; beginning at 3 mo of age, concentrations were greater in males. No differences in IGF-I concentrations of bulls and heifers were found at weaning in a study by Enns et al. (1991) . Roberts et al. ( 1990 examined the ontogeny of IGF-I in sheep and found higher concentrations in males. However, they did not observe divergence in IGF-I concentration between the sexes until approximately 6 mo of age. Male lambs had higher ( P < .05) plasma IGF-I concentrations than female lambs in 1989 in an IGF-I selection experiment (Morel et al., 1991) ; however, male and female lambs did not differ significantly in 1988. Medrano and Bradford (1991) reported that male lambs had IGF-I concentrations 1.5 to 2 times higher than those of female lambs after 1 mo of age.
Age of Dam Effects. Age of dam effects were not important ( P 2 .23) for any of the measures of IGF-I (Table 2) . A nonsignificant increase in mean IGF-I concentration of progeny occurred as age of dam increased from 2 to 210 yr.
It is well known that diet, including energy and protein content, affects plasma and serum IGF-I concentrations in cattle (e.g., Breier et al., 1986; Anderson et al., 1988; Houseknecht et al., 1988; Ronge et al., 1988; Elsasser et al., 1989) . Therefore, it might be expected that increases in milk production generally observed with increasing cow age would result in increased serum IGF-I concentration in progeny of mature dams. Enns et al. (1991) found that age of dam influenced ( P < . l o ) serum IGF-I concentrations of beef calves at weaning; calves raised by darns in the 4-and 5-to 10-yr-old age groups had the highest levels of IGF-I. They did not observe an important age of dam effect ( P > . l o ) in yearling calves. Age of dam effects that may have influenced serum IGF-I concentration during the preweaning portion of the present study were largely attenuated by the onset of the postweaning period. The effect of age of dam on plasma IGF-I concentration of lambs was significant in 1988, but not in 1989, in the study of Morel et al. (1991) .
Age of Calf Effects. Regression of serum IGF-I concentration on on-test age of calf ranged from .46 f . l 3 to 1.08 f .20 ng.mL-l.d-l and was highly significant for all measures of IGF-I (Table 2) . Enns et al. (1991) found a positive, though nonsignificant, coefficient for the regression of serum IGF-I concentration on weaning age.
In a study involving selection for postweaning feed conversion in Angus beef cattle, Bishop et al. ( 1989) found that serum IGF-I concentrations were relatively low at the beginning of the postweaning test but increased 8-and 14-fold by d 112 of the trial for high and low feed conversion progeny, respectively. In a separate study, Bishop ( 199 1) examined the ontogeny of serum IGF-I concentration in Angus calves from birth through puberty. Mean neonatal IGF-I concentrations were 30 f 3 and 28 f 3 ng/mL for bulls and heifers, respectively. Serum IGF-I concentrations remained steady state in both sexes from 1 through 7 mo of age. Between 8 and 10 mo of age, IGF-I concentrations of bulls increased from 48 k 11 to 137 k 11 ng/mL ( P < .001). Concentrations of IGF-I did not differ between 10 and 11 ( P < .93) or between 11 and 12 mo of age ( P < .30); however, an increase from 152 i 11 to 296 i-11 ng/mL ( P < .001) occurred between 12 and 14 mo of age. In heifers, a more gradual postweaning increase in serum IGF-I concentration occurred with no significant differences between concentrations at 7 mo of age and concentrations at 8, 9, 10, or 11 mo of age. However, at 12 mo of age a significant increase in IGF-I concentration was observed that was concomitant with onset of puberty ( a s determined by progesterone assay). Pubertal IGF-I concentration was 130 i 8 ng/mL compared t o 38 f 7 ng/mL at 8 mo of age ( P < .001). Kerr et al. (1991) evaluated serum IGF-I concentrations in Holstein calves at 3-mo intervals from birth through 18 mo of age. Concentrations of IGF-I were low at birth and at 3 mo of age. The IGF-I levels increased linearly by approximately 2.5-fold from 3 to 9 mo of age. After 9 mo of age, IGF-I levels seemed to reach a plateau, and in female calves began to decline between 15 and 18 mo of age. Breier et al. ( 1988) demonstrated a decrease in plasma IGF-I concentrations of Friesian male calves from birth to 5 wk of age, with a subsequent rise from 5 to 8 wk of age. Concentrations of IGF-I in bulls were found to increase significantly from 6 to 7 mo up to 10 mo age (Lund-Larsen et al., 1977) . Plasma concentrations of IGF-I have also been shown to increase with age a t blood sampling (date of birth effect) in sheep (Roberts et al., 1990; Morel et al., 1991) .
Implications
If insulin-like growth factor I proves to be a physiological indicator trait that is useful in a selection program, it will be necessary to adjust phenotypic measures of the hormone for the nongenetic effects of season, sex of calf, and age of calf to identify the genetically superior individuals. An alternative would be to account for season and sex of calf effects by means of within-contemporary-group selection.
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